Promoter strengths of two maize alcohol dehydrogenase genes, Adhi and Adh2, and the maize shrunken-i gene, Shl, were evaluated by transient expression in cultured protoplasts of Panicum maximum, Triticum monococcum, and Daucus carota. Promoter elements were ligated in correct and opposite orientations as transcriptional gene fusions to the chloramphenicol acetyl transferase gene containing the nopaline synthase 3' polyadenylation signal. The relative levels of gene expression were compared to the cauliflower mosaic virus 35S promoter. The full length Adhi promoter (-1100 to +15) functioned in all species, but at a reduced level in D. carota. An Adhl promoter deletion from -304 to -1100 did not express at detectable levels in any species nor did the Shl promoter construction. The Adh2 promoter (-860 to +90) only expressed in D. carota. The full length Adhl promoter gave the highest level of CAT expression in the monocot cells but at levels which were approximately 30% compared to the CaMV 35S promoter. This was reduced further in D. carota to approximately 4%. These data suggest that at least some of the regulatory factors responsible for promoter function are somewhat species specific and that these differences should be considered in gene expression studies.
Free DNA delivery methods have allowed the efficient evaluation and quantitation of foreign gene expression in species which are recalcitrant to Agrobacterium tumefaciens infection (1, 6-9, 18, 20) . This has made it possible to study gene expression in homologous systems as well as to evaluate interspecific differences. When coupled to sensitive transient expression assays, such as CAT3, the relative levels of promoter function can be evaluated (6, 8) . This can provide valuable information for the construction of broad host range expression systems.
The CaMV 35S promoter has been found to generally express foreign genes at least 10-to 40-fold higher as compared to the nopaline synthase promoter in both transgenic plants (16) and in transient expression studies (6, 8) . However (20, 21) . It was excised as a HincIl fragment and cloned by blunt end ligation into the same CAT plasmid used in the Adhl and Adh2 constructions.
The fusion junction was sequenced (10) in all constructions using a 16 base oligonucleotide primer from the 5' nontranslated region of the CAT gene to insure correct orientation and joimnng of the promoter elements.
Electroporation of Protoplasts and Transient Expression Assays. The cell strains used were Triticum monococcum, Panicum maximum, and Daucus carota. Growth of suspension cultures, protoplast isolation, electroporation, and protoplast culture were performed as previously described (8, 9) . For anaerobic induction experiments, the protoplasts were dispensed into sterile sealed tubes and bubbled with argon gas for 1, 6, 18, 36, or 48 h following electroporation.
CAT assays were performed as previously described (8) with the acetylated '4C-chloramphenicol, quantitated using a densitometer and expressed as percent acetylated chloramphenicol as compared to activity of the 35S CAT construct pMON563 electroporated in the same experiment. Values were based on the mean from at least two replicates each of 6 x 106 electroporated protoplasts from a minimum of two separate experiments.
RESULTS AND DISCUSSION
The relative levels ofpromoter function determined in transient expression studies reflect expression in the population of protoplasts which take up the DNA and are therefore the average of several thousand independent events. In these studies, the 5' flanking regions and part of the leaders from maize Adhl, Adh2, and Shl were fused to the assayable marker gene CAT (Fig. 1) . Within the same set of experiments, the abilities of these DNA segments to drive CAT expression were compared to the activity of the CaMV 35S promoter in both dicot and monocot systems.
The expression of the full length AdhI promoter (-1100 to +15) CAT construction, pADHICAT 3, was similar in the two monocots T. monococcum and P. maximum relative to CaMV 35S (31.9% and 26.0%, respectively) but was reduced in the dicot D. carota (3.7%, Table I ). Very low level ofexpression ofthe Adhl promoter was seen using a fragment from -1094 to + 106 introduced into tobacco by A. tumefaciens transformation (4). pAdhlCAT 4 <1.00 <1.00 <1.00 ND <1.00 ND pAdh2CAT I <1.00 <1.00 <1.00 ND 11.7 ND (1.32) pAdh2CAT 2 <1.00 <1.00 <1.00 ND <1.00 ND pShCAT 1 <1.00 <1.00 <1.00 ND <1.00 ND pShCAT 2 <1.00 <1.00 <1.00 ND <1.00 ND a Standard deviations are given in parentheses. I, Protoplasts were bubbled with argon gas throughout the culture period. N, Protoplasts were cultured under normal conditions. ND, Values were not determined. expression and additional sequences 266 or 955 bp upstream of Adhl enhanced expression (12) . In our studies, the shortened Adhl promoter (-303 to +21) construct, pADHICAT 1, did not function at detectable levels in the monocots P. maximum (Fig.  2 , Table I ) or T. monococcum nor in the dicot D. carota (Table I) . This indicates that the upstream region from -1 100 to -304 is necessary for high level expression of the Adhl gene in these species. Since these promoters are anaerobically inducible (5, 11), P. maximum protoplasts were cultured under argon gas after electroporation and compared against the CaMV 35S construction. The expression was reduced to 10.3% in P. maximum using the full length Adhl promoter construction while no detectable CAT activity was observed using the other promoter constructions (Table I) . Using shorter duration of exposure to argon gas, 1, 6, and 18 h prior to performing the CAT assay, did not appreciably increase the expression of the promoter. Single experiments performed with T. monococcum and D. carota gave similar results (data not presented).
In maize protoplasts, an endogenous Adhl gene promoter and an introduced Adhl chimeric CAT construction were found to have the same 02-tension optimum for induction (1 1). The absence of anaerobic induction in our studies may be because Adhl is maximally induced due to generalized stress in the experimental system or the presence of 2,4-D in the culture medium (5) .
The Adh2 promoter (-860 to +90) CAT construction, pADH2CAT 1, expressed in D. carota at 11.7% ofthe CaMV 35S promoter (Table I ). This is approximately three times higher than that obtained when using the full length Adhl promoter. However, in the monocots P. maximum and T. monococcum no detectable Adh2 expression was obtained (Fig. 2, Table I ). This may be due to species specific gene expression or the physiological condition of the protoplasts. The Shl promoter (approximately -2000 to +40) CAT construction, pShCAT 1, did not express in any protoplast system tested (Fig. 2, Table I ). A very similar Shl promoter conssruct has previously been electroporated into maize and transient expression was measured using the neomycin phosphotransferase II (NPTII) gene (20) . The promoter region used in our studies consisted of essentially the same region, although isolated from a different allele. Studies are in progress to elucidate these differences in gene expression.
Free DNA delivery systems coupled to transient expression assays can provide preliminary information on the relative level of promoter function and can be beneficial in the design and creation of broad host range vectors. This is of particular use in species where efficient transformation and regeneration systems are not readily available. Our results indicate, however, that caution should be exercised in interpretating data from heterologous and nearly homologous DNA/protoplast systems.
